Introduction
The discovery of graphene and itsuniquephysical properties stimulated lots of interest to the fieldsof two-dimensional (2D) nanostructures. [1] [2] [3] [4] Vast2Dnanosheets have been proposed based on variouschemical elements or compounds, in whichsilicene, 5, 6 MoS 2 , 7, 8 germanane, 9, 10 etc.
aresynthesized successfully and new physical propertiesare found in them. 9, 11, 12 This further promotesthe explorations of new 2D nanomaterials.
Although carbon and siliconboth lie in thefourth column of the periodic table, their 2D
nanosheets are different because of their completely different bonding characteristics. Silicene is a buckle structure while graphene is a perfect plane. 1, 5 Therefore, it is interesting to study what will happen in the 2D nanosheet consisting of carbon and silicone compound.In the previous studies, some 2D silicon-carbon compounds including hexagonal rings have been proposed, such as hexagonalSiC, 13, 14 g-SiC 2 , 15 pt-SiC2, 16 SiC 3 , 17 etc.These new structuresshowinterestingproperties such aslarge direct bandgap, improved photoluminescence, and highpower conversion efficiency.
Recently, 2D structures consisting of rectangular rings have drawn much attention gradually.
Liu et al. 18 proposed a T-graphene, a 2D tetra-symmetrical carbon sheet, and studied the electronic properties further. They found that the buckled T-graphene possesses a Dirac point while the planar structure is a metal. Li et al. 19 studied a 2D MoS 2 system with the repeated square-octagon rings and they found that the new MoS 2 allotrope possess both massless Dirac and heavy fermions near the Fermi surface. These studies indicate that the 2Dtetra-symmetrical sheets havetheir own unique physical properties. To the best of our knowledge, 2D silicon carbides consisting of rectangular rings have never been studied up to date and thus it is nature to ask whatnew electronic properties do the 2D tetragonalSiChave.
In this paper, we proposethree 2DtetragonalSiCsheets,termed as T1, T2 and T3, as shown in Fig. 1 . The cohesive energies and phonon dispersions of these 2Dsheets indicate that they are metastable SiCallotropes. Although the three structures have the same topological geometry, they exhibit completely different electronic properties,varying from metal to semimetal with Dirac cone and then to semiconductor. T1 consisting of Si-C bonds is a semiconductor. T2 and T3 consist of three kinds of bonds, i.e., Si-C, C-C and Si-Si. The former is a semimetal because of its two (Si and C) rectangular sublattices, while the later is a metal because of the C-C and Si-Si dimers between the rectangular rings. The electronic properties of nanoribbons of the 2D structures are also studied. We find that the band gaps of T1 nanoribbons are constant, and in these ribbons there exist exotic edge states whereelectrons only distribute on the (Si or C) edge atoms of one side.
Models and Methods
The three 2DtetragonalSiCs, named as T1, T2 and T3, are shown in Figs , etc.
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The corresponding calculations were employing theVienna ab initio simulation package (VASP). 25 The interaction between ions and electrons is described by the projector-augmented wave (PAW) method as the plane-wave basis set with an energy cutoff of 450eV is used. 26 The PBE functional constructed by Perdew, Burke, and Ernzerhof are used to calculate the exchangecorrelation energy. 27 The brillouin zone (BZ) is sampled with a 10×1 0×1 Monkhorst-Pack special kpoint grid including the Г point. A vacuum region of 10 Å is added to the crystal plane to ensure that the wave functions vanish smoothly at the edge of the cell as an isolated system that would be required. The convergence criterion of the self-consistency process is set to 10 -8 eV between two ionic steps to calculate the phonon dispersion. The performed phonon calculations were using the Phonopy package 28 with the forces calculated by the VASP code.
Results and Discussion
After geometryoptimized, the unit cells of the three single-layer SiCs in Fig. 1 maintain tetragonal form, but some differences among them are also exhibited. The detailedstructural parameters are given in Table 1 . T1 and T2 are still planarstructures, while T3 becomes a buckled structure with the distance d≈0.48Å. The rectangular rings in T2 are still perfect, while those in T1
and T3 have a little distortion.The bond lengths of Si-C, C-C and Si-Si are also different in the three structures.
We first discuss the stability of the three 2D SiCs. The cohesive energies of T1, T2 and T3 are -6.77, -6.54 and -6.47 eV/atom, respectively, which are higher than that of the hexagonal 2D SiC (-7.03 eV/atom). On the other hand, we calculatethe phonon dispersions of the three structures, as shown in Figs. 2(a-c) . One can find that there is no soft mode in the whole BZ, indicating the thermodynamic stability of the three structures. Therefore, T1, T2 and T3 are three new metastable SiC structures.
On the other hand, we calculatethe phonon dispersions of the three structures, as shown inFigs.2(a-c). One can find that there is no soft mode in the whole BZ, indicating the thermodynamic stability of the three structures. Therefore, T1, T2 and T3 are three new metastable SiC structures. In the left panel of Fig. 3(f) , there are σ bonds between silicon dimers and banana σ bonds between atoms silicon and carbon. A conducting network formed by these bonds leads to T3's metallic character. In the right panel of Fig. 3(f) , big π bonds are observed between the carbon dimer and silicon atom, which also forms a conducting work. Additionally, it is noted that in many cases silicon or carbon dimers will result in metallic characterof SiC structures, such as single layer SiC 2
and reconstructed SiC surface. 16, [30] [31] [32] Due to the versatile electronic properties of the three SiCs, it is interesting to explore the properties of their nanoribbons. The configurations fornanoribbonsofT1, T2 and T3 are shown in sheet.For the T3 structure, nearly all nanoribbons are metal because of the metallic properties of 2D structure.This is similar to the pt-SiC 2 and planar T-graphenewhose 2D sheets and nanoribbonsare metallic. 16, 18 Electronic properties of T1 nanoribbons are completely different from those of T2 and T3
nanoribbons [see 
Conclusion
In summary, we proposed three single-layer tetragonalSiCs (T1, T2 and T3) and studied their electronic properties by using the density functional theory (DFT) computations.The analysis of stability indicates that the three structures are meta-stable allotropes of SiC. T1, T2 and T3 have the same topological geometry, but their electronic properties are very different. T1 is a direct band-gap semiconductor,T2is a semimetal whose band structure has a Dirac cone, while T3 is a metal.The 
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